Background: Fine needle aspiration (FNA) is the standard of care for the diagnostic work-up of thyroid nodules but despite its proven utility, the non-diagnostic rate for thyroid FNA ranges from 6-36%. A non-diagnostic FNA is problematic for the clinician and patient because it can result in repeated procedures, multiple physician visits, and a delay in definitive treatment. Surgeon-performed FNA has been shown to be safe, cost-effective, as accurate as those performed by other clinicians, and has the added benefit of decreasing wait times to surgery. Several studies have examined rates and factors that may be predictive of a non-diagnostic cytology in non-surgeon FNA, but none have evaluated this in surgeon-performed thyroid FNA. If these factors are unique in surgeon-performed vs. non-surgeon performed thyroid FNA, then patients may be more appropriately triaged to FNA by alternate clinicians. Objectives: The purpose of this study was to determine the rate and factors predictive of a non-diagnostic FNA in surgeon performed ultrasound-guided FNA of thyroid nodules.
Introduction
Thyroid nodules are common, with up to 7% of adults demonstrating clinically palpable nodules [1] and up to 70% of adults have evidence of nodules on ultrasound [2] . Fine needle aspiration (FNA) is the standard of care for the diagnostic work-up of thyroid nodules [3] with sensitivity and specificity ranging from 65-98% and 72-100%, respectively [4, 5] . Surgeon-performed FNA has been shown to be safe, cost-effective, and shows clinical equipoise compared to those performed by other clinicians. Surgeon performed FNA has the added benefit of potentially decreasing wait times to surgery [6] [7] [8] . The decrease in wait times is of particular importance in Canada because a recent survey of Canadian Otolaryngologists revealed a discord between perceived appropriate wait times and actual wait times to thyroid surgery in Canada [9] .
Despite its proven utility, the non-diagnostic rate for thyroid FNA ranges from 6-36% [10] [11] [12] [13] [14] [15] [16] . A non-diagnostic FNA is problematic for the clinician and patient because it can result in repeated procedures, multiple physician visits, and most importantly a delay in definitive treatment [17] . There is a generalized lack of consensus in Canada on how to manage a non-diagnostic aspirate with reported opinions ranging from repeat FNA to early surgical management [18] . Several studies have examined rates and factors that may be predictive of a non-diagnostic FNA but none have evaluated surgeon-performed thyroid FNA [11, 12, 19] . If the rate and predictive factors of non-diagnostic cytology in surgeon-performed thyroid FNA are different than that of other clinicians, then certain patients may particularly benefit from early surgeon or non-surgeon referral.
The purpose of this study was to determine the rate and factors that are predictive of a non-diagnostic FNA in surgeon performed ultrasound-guided FNA of thyroid nodules.
Methods
We conducted a retrospective review of all adult patients who underwent fine needle aspiration biopsy of one or more thyroid nodules at the University of Alberta Hospital Division of Otolaryngology between January 2011 and June 2013. Institutional review board (University of Alberta Health Research Ethics Board Panel B) ethics approval was obtained prior to commencement of the study (HREB: Pro 00041540).
Inclusion criteria were all adults with a diagnostic thyroid ultrasound demonstrating nodules meeting American Thyroid Association (ATA) 2012 guidelines for diagnostic FNA. Patients must have undergone FNA by one of three fellowship trained Head and Neck Oncology and Reconstructive Surgeons, the Head and Neck Oncology fellow or an Otolaryngology-Head and Neck surgery resident. Patients were excluded from the study if their aspirates were lost or improperly processed, or if the pathology or ultrasound reports were unavailable.
FNA biopsies were performed in the clinic under ultrasound guidance, and analyzed by staff cytopathologists at the University of Alberta Hospital according to the Bethesda system for reporting thyroid cytopathology [20] . Patient variables collected included basic demographics such as age, sex, and BMI. Thyroid variables included reported dimensions on ultrasound (a thyroid was considered "enlarged" if one lobe was greater than 6 cm in largest dimension), thyroid function (by most recent TSH at time of biopsy), presence of multinodular goiter, presence of Grave's disease or thyroiditis, and relevant history of lymphoma or radiation.
Diagnostic thyroid ultrasounds reports were also reviewed to identify nodule variables. All thyroid ultrasounds were interpreted by a staff radiologist at the University of Alberta Hospital. Nodule variables examined included size, number, location (right/left lobe, upper/lower pole, isthmus), vascularity, echogenicity, presence of calcifications, and nodule components (predominantly solid, cystic, or complex). Performer variables included level of training (staff surgeon, fellow, or resident), and the level of experience with FNA. Previous studies have shown that 50 or more FNAs are required to gain proficiency and thus this was used as the cutoff to differentiate between "experienced" and "inexperienced" [21] . Final pathology was classified as diagnostic or non-diagnostic according to the Bethesda system [20] .
Descriptive and inferential statistics were performed using SPSS 22. The primary outcome was the rate of non-diagnostic FNA biopsy, and the groups were compared using a two-sample t-test for numerical data, or a chi-squared test for nominal data. Multivariate binary logistic regression was used to determine the relationship between the non-diagnostic rate and each of the patient, thyroid, nodule, and surgeon variables recorded. The significance level was set at p < 0.05.
Results
152 patients met the inclusion criteria. 21 were excluded due to incomplete data (17 for unavailable ultrasound reports, 2 for unavailable pathology, 1 for improperly reported pathology, and 1 for mislabeling of the aspirate which resulted in it being discarded). 131 patients were included in the data analysis, for a total of 180 nodules aspirated. The overall non-diagnostic rate was 23%. The demographic and patient factors for diagnostic and nondiagnostic FNA are summarized in Table 1 . Patient factors were not statistically different between those who had diagnostic and non-diagnostic FNA.
No difference was found in mean nodule size, palpability, and location between diagnostic and non-diagnostic aspirates. However, nodule size less than 1 cm and cystic nodules had higher non-diagnostic rates (p = 0.02, and p = 0.001 respectively) ( Table 2) . Resident-performed FNA was associated with a higher non-diagnostic rate, although only ten FNA were performed by a resident (p = 0.04, Table 3 ).
Multivariate analysis with binary logistic regression showed that a cystic nodule was the only predictor of a nondiagnostic aspirate, with an odds ratio of 4.441 (95% CI [1.785-11 .045], p = 0.001, see Table 4 ).
Discussion
Ultrasound guided FNA has become the standard of care for the diagnostic workup of thyroid nodules over the past fifteen years, with several studies demonstrating increased diagnostic yield, safety, and cost-effectiveness over traditional FNA [22, 23] . Ultrasound guided FNA performed by a surgeon has gained particular popularity in the recent literature, as a method to further decrease surgical wait-time as well as increase patient convenience and satisfaction due to a decreased number of specialist referrals [6] [7] [8] 24, 25] . However, a non-diagnostic aspirate can necessitate the involvement of other clinicians including radiologists, cytopathologists and endocrinologists. This can result in a delay in diagnosis and definitive management, which has prognostic significance, since patients with a non-diagnostic FNA have a significantly higher rate of all types of thyroid cancer [10] . The overall risk of malignancy in non-diagnostic thyroid FNA is also high, ranging from 2-14% [26] [27] [28] . Undetected carcinoma can delay treatment by up to 28.2 months, resulting in higher rates of vascular and capsular invasion, and a higher likelihood of persistent disease [17] . Current ATA guidelines recommend that two non-diagnostic thyroid FNAs in the presence of clinical suspicion of malignancy warrants diagnostic hemi-thyroidectomy [29] ; however, some have argued that this approach could result in increased rates of exposure to surgical risk, unnecessary complications, and results in permanent hypothyroidism in up to 47% of patients [30] . Thus, ideally, thyroid nodules that are more likely to yield non-diagnostic cytology by a surgeon should be referred to alternate clinicians early in their diagnostic work up, and vice versa.
The population studied here was representative of a typical patient population seen by most thyroid surgeons functioning at a tertiary referral center, with a strong predominance of females and a wide range of ages. This is strengthened by the fact that we reviewed consecutive patients referred to the clinic from any source, without exclusion of any particular patient subpopulations. Thus, we believe our results to be widely applicable to the [19, 31] . Nodules less than 5 mm in size were not studied here due to the small number of nodules that met this criterion.
According to our results, the only reliable independent predictor of a non-diagnostic aspirate in surgeonperformed FNA is a predominantly cystic nodule. This is in keeping with findings by Alexander et al. and Grani et al. who both found that a cystic nodule was strongly associated with a higher likelihood of nondiagnostic cytology in endocrinologist-performed thyroid FNA [11, 12] . Similarly, studies based on radiologistperformed thyroid FNA have found that nodules with more than 50% cystic portion increased the likelihood of a non-diagnostic result [19, 31] .
Although resident-performed FNA had a higher nondiagnostic rate in our study, no firm associations can be made due to the relatively small number of residentperformed aspirates included in this study. In addition, this may simply reflect the fact that residents perform fewer numbers of aspirates throughout their training. Indeed, Houlton et al. has argued that clinician volume is a strong predictor of non-diagnostic FNA [21] . Our study failed to demonstrate a similar finding, although likely due to the relatively small sample size.
When we compare our non-diagnostic predictors with those of other clinicians in the literature, endocrinologist and radiologist-performed aspirates are also more likely to be non-diagnostic in cystic nodules and small nodules. However, studies in other clinicians have also found that hypoechogenicity [11, 19, 31] , and female sex [32] were associated with a higher non-diagnostic rate, which we did not find in surgeon-performed thyroid FNA. Patients with these features may particularly benefit from early surgeon referral.
Notably, we did not study the utility of on-site cytopathologist evaluation of aspirates, as this is not routinely performed at our institution. Our group is examining the utility of on-site evaluation, with data collection for that study currently under way.
In the future, we plan to design a similar study with prospectively collected data, and a standardized radiological protocol for reporting features on thyroid ultrasound that can further elucidate more subtle predictors of non-diagnostic cytology and help to improve the diagnostic rate at our and other centers. This may also be used to design a randomized controlled trial to directly compare surgeon-performed FNA with that of other clinicians, which has not been examined previously in a prospective manner. This may help to further inform patient triage decisions.
Conclusions
The rate of non-diagnostic thyroid FNA performed by a surgeon with ultrasound guidance is similar to that of other clinicians. A predominantly cystic nodule is a strong independent predictor of non-diagnostic cytology in surgeon-performed thyroid FNA. Patients with solid or non-cystic thyroid nodules may particularly benefit from surgeon-performed thyroid FNA due to the high diagnostic rate and potential for earlier definitive management.
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